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© Hollow fibre oxygenator assembly containing. same and method for making s£me. 



(sy A hollow fibre oxygenator, assembly containing same,' 
and method for. making same 'wherein ' a" hollow "fibre 
oxygenator element (60) utilizes gas.permeable riollow fib/es 
(62) to transfer oxygen into, arid carbon 'dioxide from 'blood 
flowing around the outside of the fibres (62)' while oxygen 
flows through the fibre lumens^ Trie hollow, fibres (62) are. 
arranged in tapes (70) wound helically in layers around a 
hollow cylindrical core (40)/jhe fibres '(62) in each'tape*(70) f 
angularly cross the fibres' (62) in/the ; Ta r $a^ 
(70), are spaced axial ly from each otheV/'and are substantially 1 
equally spaced radially from trie periphery of the core (40)- 
such that the crossing fibres (62) in; the radially "adjacent' 
layers (70) form small interconnected gaps 1 that permit 
thin-film radial blood flow with a'low bjood phase pressure 
drop and efficient gas transfer. ~ , ] 

The oxygenator element (60) is sealed into a shell (12) to 
form spaced apart oxygen header chamber ; (48,53) at 
opposite ends of the core (40) that are sealed from an 
annular blood chamber (18) surrounding' the oxygenator 
element (60). The shell (12) is provided with inlet and outlet 
ports (64) for supplying oxygen to one header chamber, 
through the: hollow fibre lumens, and out of the opposite 
chamber while blood supplied to the core (40) permeates 
radially outwardly around the hollow fibres (62) and through 
the layers (70) to the surrounding annular blood chamber 
(18) as purified and oxygenated blood. *<• 



the 'oxygenator (60r is integrated into a single unit 
assembly 1 having a top blood reservdir (24) attached to a 
blood heater (26) that is attached to the blood oxygenator 
(60) in -vertical array. *" / ^ ' ' ' . ' 



r*~~*~~ a-~.;„„ r«#« • • *•* 
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DESCRIPTION 

HOLLOW FJBRS OXYGENATOR, ASSEMBLY CONTAINING 
SAKE AND METHOD FOR MAKING SAME 
Extracorporeal oxygenation of blood during cardiac 
surgery is a problem of long standing and various types 
of devices have been developed and used for that 
purpose since the late 1950's. In 1958, DeWall U.S. 
Patent 2,972,349 proposed thin walled capillary tubes 
of silicone rubber for use in a. gevice that flowed 
blood inside the fibre lumens {and; oxygen outside the 
fibres in a nas and liauid / ^(^&i&b$r, but the device 

did not attain commercial" ^ece^^h'cf'*^ >; 

Commefhc'ial .acceptable bldod; ; 4xygenera tors up to 
the present/- have "c om p r i s e d^KirM)! e\ o^generators, disc 
o x y g e n e r a t o r s - ,a n £ flat membt* &ne/?tfey.p?s . Bubble and 
disc type oxygenator devices;^ t^ic&lly employ an open, 
blood chamber in which eith-erCoxygeP| is bubbled directly 
into a pool of blood or rotating "discs* expose thin 
films of blood to an oxygen;, en v i r q n m e n t as illustrated 
in U.S/. Patent Nos. 3, 675/^6* and. ? ,84 1 ,837 . 

s Gas permeable sheet menibranes mounted in multiple 

and frame filter press devices which supply 
outer surfaces of a thin blood containing 
envelope* oC v gas perrceab£e.\ material are typified by U.S. 
Patent J ib,332;v746. Another shCet membrane device which 
m employs fta±fe)ened tubular^o^ygen^cpntaining membranes 
that- Vr4'n : ^?S:K -oxygen and? r.b on- : c'io * 1 d e ( , t o blood flowing 
over the outer Membrane survf &jdh is ' showman U.S. Patent 
4,09^,7^ 3 r 

0 -:T£eji4pLlow fibre oxygenator of this invention makes 
use Gf-frol^w fibres that carry oxygen in their lumens 
and transfer oxygen into and carbon dioxide from blood 
flowing 'on' the outside of the fibres. Research attempts 
to use hollow fibres with blood flow inside the fibres 
and oxygen outside the fibres was conducted by The Dow 



layered plate 
oxygen to , the 
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Chemical Company be^innin/i in 196B under NHLI Contract 
PH 43-68-1387 but was abandoned in 1971 in "favour of 
research on the blood-outside hollow fibre concept 
using fibre winding techniques employed, by Dow for hollow 
fibre reverse osmosis devices. These fibre winding 
techniques are taught in McLain U.S* Patent 3,422,008 
and enable continuous wrapping of fibres on hollow 
cylindrical supports to form annular mats of fibres. 
The techniques shown in U.S. Patent 3,422,008 employ a 
tow of, for example, 16 individual fibres that is laid 
up as a spiral . winding on a cylindrical core as the 
core rotates with the fibres being looped between 
spaced aoart tubesheets formed by casting resin 

-*'.*-. •* M j i J , s:j >:-l>:- ">«; , i - ■ - t ~. •/ . . :• # 

addition at the ends of, the core or at selected spacings 

^ " *. : 1 c :. . » . - v f "x > ■/ ^ •■»*■ i " 

along the core* AttenDts to use these fibre winding 

■ r * . ^ - - v* r . *: - Pi.;. /. - " 

techniques with tows of gas permeable fibres did 

produce cylindrical devices having the general 

appearance of the device'of Fig. 5 of U.S. Patent 

3,422,008. [' "' ~ 

Certain of the prototype devices did exhibit 

satisfactory gas transfer characteristics but the good 

indications c,oul.d. not be consistently repeated due to 

the Jack of control of spacing between individual fibres 

and non-uniformity of fibre packing density which led 

t& np.pr.uni form flow of blood through the fibre mat. 

The research was terminated without achieving 

satisfactory levels of performance relative to commercial 

blood oxygenators in ■ 1 973 . .. ... .... . - 

An attempt to. c.ontroj. fibre spacing .in a hollow 
fibre oxygenator with blood flow on the outside of the 
fibres was^made .in a three, year . research program 
conducted at the f Med,i.cal College of. Virginia, under NHLI 
Contract No. PH A 3-67- 1 A 26 • . A„ varie ty of ga s permeable 
hollow fibres made of polyethylene, silicone rubber, 
methyl pentene polymers, and mixtures of silicone rubber 
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and methyl pentene fibres, as well as mixtures of 
silicone ^rubber and polycarbonate fibres were evaluated. 
Various attempts to weave the hollow fibres into an 
open weave structure that could be laid up in square 
sheets, or in annular form supported on a cylindrical 
core were tried, but the program failed and was 
terminated. Problems still remaining included insuffi- 
cient fibre strength, elasticity^'bri ttleness, cracking 
and inability to withstand frictional forces during 
weaving at tempts that . result in fibre crushing and 
flattening. 

According to the present" invention there is 
provided a blood oxygenator having an oxygenator element 
comprising a plurality of hollow gas permeable fibres and 
a hollow blood permeable core, said fibres overlying the 
peripheral surf ace' of said core' 'in a plurality 6f 
contiguous layers, characterised in that said fibres in 
each said layer being substantially equally radially 
distant from said peripheral surface of said core and 
spaced laterally from each adjacent fibre in said layer, 
said contiguous layers having ^the exterior surface of 
each individual fibre therein * contacting the exterior 
surface of each ad jacent 'fibre "in the 'layer immediately 
radially outwardly ""and' racially inwardly thereof at an 
angle between' about' 30* and about 90°.' 

The present' 1 invention provides in 'its' preferred 
-"form a new 'tape of gas "permeable , 'hoffow ' fibres which 
' comprises a "layeV of '"scbres'i or hundereds,' of substantia- 
lly parellel, gas permeable hoi low* fibres in 'a fixed 
relationship ' wfliieh ^ro^ides sUbst^ntiaily " uniform lateral 
spacing between the' fibre's in the' : tape: J This" tape also -. 
includes 'solid gak * iibp^rmeable monofilaments on each 
side edge of 5 the' ta'pfe' an'd' an Vxtremely fine,- flexible, 
continuous, solid mbnbf ilaWnt" cross thread that is 
spaced along the length z of IW'tap'e and maintains the 
desired la teral' hollow "fibre spacing without crushing 
or flattening the fibres at crossover points- 
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The invention therf ore : includes an op^n.weaye tape - k 
of hollow gas permeable fibres for use in wrapping ; a 
layered mat on a hollow blood permeable core , characteri- 
sed in that said- tape comprises , a.- layer of a plurality of 
5 elongated, substantially parallel hollow gas permeable 
spaced apart fibres, and a solid m<onof ilament defining 
each of the side, edges .of said layect ..a , solid ^ f lexible 
transverse filament ; wpy_en o,yer>apd under said . ad jacent 
parallel = h oil o,w, .fibres. and^ around , the jexterior of . sa id 

10 solid . side.^edgfi, .filament, in contiguous^ traversing pattern 
along the ; leng;th of s^aid.. tape; . said transverse, filament 
maintaining .said spacing^ between • said hoi 1<>>\ fibres , .. v 
without, substantially, altering the circular cro^s 
section of sa.id hollow fibres v a t^ crossover points 

15 therewith. ; , , ■ , ( : - 

The invention further includes a method for 
making a mat of hollow gas permeable fibres on a hollow 
blood permeable core which is characterised by the 
steps of 

20 1) providing, a blood permeable, core , 

2) providing a tape .of ..hollow gas : permeable fibres, said 
tape comprising a plurality of said fi.bres. arranged in 
substantially parallel spaced apart and substantially 
planar relation, 

25 3) 1 spirally wrapping said tape on said core to form a 
^j,ayer of said fibres overlying the peripheral surface of 
said core, the width of said tape and the diameter of 
said core being selected such that the edge surface of 
each successive wrap of said tape in said layer is 

30 adjacent to the edge surface of the prior wrap so as to 
substantially maintain said substantially parallel 
spaced apart relation between said fibres in each said 
tape, and - covering the peripheral surface of said core 
for the length of said core, 

35 4) continuing said wrapping to form overlying layers 
covering the prior formed said layer by reversing the 
direction of said spiral such that each tape wrap 
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positions each said fibre in sajd overlying layer 
relative to^the : ad jacen t- fibr v £? c iri the underlying layer 
at an ang'l«r : b£tween abriu't 30° arid 'about 90° , ' 
5) repeating said spiral wrapping to form a plurality 
of said layers ■ in said relation 'to eacb : other and * 
securing the axially spaced l apart - ends of said • 'f ibres 
in each layer to each other and to said* core in tube- ' 
sheets having ! co-planar ' outer fend surfaces in which 1 
the open r lumens 6f each' 1 said'" fifcrfe t'ermina tV. "' ' * " '*"" * 

The : new bloocT oxyg^fta tor ' 6iemeht* : 6f* t'hiV inVention 
comprises a hoilow' core^ member f abricat'e'd '"tram any ! biobd 
compatible" material ' such ik"'^oiy'f>r"bpyiene'.''' The core is ' 
preferably cylindrical 'and c has* i blo'od p^rmeab'ie wall ^ * 
that serves 1 to' support an Wnnul&K in'at of gas ' permeable ; 1 
hollow fibre' layers laitf' upon" the peripH'e^Wl surface' 
of the core member. Each layer of hollow fibres on'the 
peripheral surface of the 'hollow tore ' meihber is formed 

by using the above described new tape of this invention*. 
The tape is helically," "or ispirallyV wound on' the 1 cor^ 
such that the side edges of contiguous tapes are 
immediately adjacent each other to form a continuous 
layer of hollow gas' permeable fibres extending for the 
full length df the core- • — : < ~ . 
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Each layer in the oxygenator element comprises 
hundreds, or thousands,, of hollow fibres that arec. 
substantially uni for.ir.ly .spaced from each other, relative 
to the axis of. the core,: ,iir, a- fixed, spaced relationship 
that is -substantially maintained, during .use by virtue of 
the- substantially -inelastic j nature of the -fibres-, and 
the •: restraining; ■ ef feet \ofc. th.e r ; fine cross thread in the 
tape , , oGi.ifesr::eq-ui £ v.alent i : » The.-? successive , contiguous 
layer s rof ;fibre,s> onr th$ core ; are ;la id * up so; that each 
hollow fibre in. each, : lave r, : as* radially, equidistant from 
the - peri ph.er.al surfac-e cf. the 'core;- * By. -reversing the 
angLe ofvspiral^ relative to .tb? axis of the core, on 
each, successive :layer : as- the, core rotates and tape is 
applied , . the : cross over angle at, the. points of cross 
over- of the individual^ fibres being applied with the 
underlying fibres ds : variably controllable wivthin the 
range of about 30° and about 90°, and preferably exceeds 
about.: 60°. * Th.e preferred fibres are ;microporous poly- 
ethylene.. Ajrt-er lay up. on -the xore^ofV the .desired 
number of layers of hollow fibres, a resin tubesjieet 
is. formed;. a£ jeach .end- of .the.icore Jby; rcentrif;ugal , or 
dunkr potting;,' and ..jthe; -tube sheets .are .transversely cut 
to expose the .ope ; n lament of each hollow fibre in the 
outer end surface of the spaced apart tubesheets . 
• f . r . ■• Successive layer-s^of fibres,- having a cross over 
angle above. 30° with, the contiguous ^fibres in the 
.overlying* and underlying .^ad jacent. flayers, form a series 
.of; substantially uniformly .spaced gaps between layers 
,that interconnect -in a, substantially . radial line. These 
gaps, are small and- cause :the ■. radially -outwardly flowing 
blood to bathe the - outer . surf ace pf^each fibre with a 
thin film of blood which is gentle and non-harmful to 
the blood while concurrently causing an efficient gas 
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exchange through the Ras permeable walls of each fibre* 

The method of this invention comprises the steps 
necessary to form the above described new tape of 
hollow gas permeable fibres, and the steps of winding 
that - tape ' on a hollow supporting- core member to J - 
thereby f orm f the : hew ; oxygenator element above described. 

The new' oxygena tor element , - : when incorporated into 
a cylindrical shells by f - centrifugal ly eastingtia / resin 
tubesheet aroUnd the' hollo^r fibres at"! each ,end ofi the 
core to thereby sVa-F the 1 - fibres * to each^ dthSr , , t^>s the 
coreand to^the ihrier^ shell wall;- fto-rmS ' r the'-new^ blood 
oxygenator- device' H cff th^s^nven^ticm.^ - ri * - i o ^ 

^ The asjsfembl>y rr df ^this invention comprises a* blood 
reservoir , a blood heater and the^ new' blood - oxygenator 
device of th i s i n ven ti on* i ntfe g r a tfefa in t o a si h g l"e ■ : 
compact, self-supporting, easily handleable, tmit . 1 ■ 

Preferred embodiments of the invention* "will now be 
described in detkil wit-h reference to the accompanying 
drawings in which ■•" '< 

'Fig. 1 is a side elevation view of the blood 
oxygenator device in the preferred orientation' during 
use ; - : • ' t - 4 . ^ I - : : 

Fig. 2 -is: : a : vertre : al croVs-section of /the device of 
Fig." 1 sft6wirig the -blood oxygehaitdr^ element integrated 
into a preferred form of tfevioe for ^use- in oxygenating 
-blobd f ''' • ^ c : : : c c* j . *. . - v *. . t - : 

: ' Fig. 3 is a cross sectional view ? of the device 
shown in Fig.^2 -taikeh "along 't?he line '3-3 thereof;' • 

Fig. -A is br&Reh- away portion of. a. schematic view 
of the'pref erred woven -'form W the - tape" of—this* invention 

Fig. : -5 is : ah' enlarged perspec t i ve ~view of the 
lower * left • hand -corner 'portion • of the tape of Fig-.' 4; 

Fig. 6* is a cross sectional view taken along the 
line 6-6 of Fig. 5; ■ • .' ;> 
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Fir.* 7 i s a P enlarged schematic perspective view 
oT a plurality of layers of hollow' fibres in the 
oxygenator element of this invention; 

Fig. 8 is a view illustrating the spiral wrapping 
of the tape on a cylindrical core; 

Fig. 9, is an enlargement of " the oxygena tor element 
illustrating, the ca.P location between contiguous layers 
of hoi Low * fibres and the blood flow path through the 
e,Lement during oxygenation use. 

Fig. 10 is a vertical rear view of the assembly of 

this .invention; 

' Fig. 11 .is a vertical cross- s : eictiorial view of the 
assembly, of Fig. 10 ' showinr a' blood reservoir secured 
QI1 top 'of a blood .heater which 1 ' is -secured "to t'he top of 
. the ..blood oxygenator device of this invention. 

Referring to the drawings the' Hollow fibre blood 
oxygenator device V0 comprises a' shell -12 and a blood 
oxygenator, element generally" designated 60. .As best 
seen in Figs. 2 and 3, oxygenator' element 60 consists 
...of an. annular mat* comprising a plurality of overlying 
layers, of hollow fibres 62 supported' on the periphery 
of. blood permeable core member 40. Fibre's 62 -extend 
for the .full length of core 40 and are secured to each 
other and to core 40 by an axially spaced -resin upper 
tube sheet' A 2 and lower' "tubesheet ' A3"* that seal element 
60 to the, upper 'and'" lower i'n her' wai'i '• surfaces ' 1 A , 16, 
--•respect ively of " shell V2 aVja'c : ent each of J its- ends to 
, form outer annular " blood ' chamber* 18? "that- is fluid tight. 
Tubesh.ee ts ' A 2 , A3 are gelie rally similar to those 
employed 'in hoi low fibre separator/ elements and devices 
of the" type . shown" in Mahon irYsv Patent 3,228,867 and may 
be satisfactorily formed by centrifugal potting 
techniques described in Geary" et al^.S. Patent 3,AA2,002 
usinn a suitable resin, for 'example, polyurethane. 
Alternatively, tubesheets '42 may' be formed by 
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conventional dunk potting techniques now well known to 
those skilled in the art 'of hollow fibre devices. 

Tubesheets 42 , A3 terminate in outer end planar 
.surfaces 4 4,, 45, respectively, and the open ends, or 
lumens 68 of fibres 62 terminate in the planar face of 

surfaces ,4 4 , 4 5 . . . 

Tubesheet surface 44 forms with the inner wall 46 
of upper, header .47 an. inlet gas chamber 48 that is gas 
tight and sealed from blood annulus 18 by overlapping 
flange 49, that is sealed to shell 12' and tubesheet 42, 
as shown. Tubesheet surface 45 forms with the inner 
wal.l 50, of l,ower .header 52 an outlet gas chamber 53 that 
-i-s ga,s. tight .and ..sealed from blood ann'ulus 18 by flange 
-54 that .i,s. sealed to shell 12 and tubesheet 4 37 as shown. 

Header.47 is provided with inlet gas port 49 
which .communicates" with chamber 48 'and during 'use is- ' 
attached to a : . supply, gas line," not shown', 1 which normally 
supplies. oxygen, , or , oxygen containing about 3 to 5 
percent carbon dioxid'e, to the open lumens 68 which lie 
in the planar surface 44 of tubesheet 42. 

Header 52 is provided with outlet gas port 51* 
that communicates/ with chamber 53 as shown. It is to be 
understood,, however, that the direction of gas flow, 
which is preferably downward as shown by arrows 64, may 
■ be reversed, if desired.' In either event , 'the gas fed 
to the ,i 9 let.. chamber enters"' the _ lumens of fibres 62 and 
' 'travel along a spiral'^ath around' core "40' and delivers 
, the, exit, ga,s to th>f opposite outlet '' chirib'er' for discard 
• through, ne.ans not shown." ' Header 52 is 'provided with 
..blp^,d.4^e^/ : ppct'.^5/that >V Waleti' thereto by o-ring 
.56 and "tcj, tubesheet 43, as shown, to deliver blood-', into 
. blood annulus ; 5'9. which lies between 1 the inner surface 
of core 40 and . outer . surf ace 39 of blood'flow guide 38. 
Blood passes through the openings in the wall of core 
40 radially outwardly through hollow fibre mat 60 to 



! 
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blood annular space 10 and the oxy^orated and purified 
blood then exits through blood exit port ?0. Ii]ood 
flow throun^ mat 60 will be described in preater detai 1 
hereinafter. 

Shell 12 in provided with a Rar, vent 13 located 
adjacent the upper end of blood annulus 18 that serves 
as a bubble trap vent for air, or ottier pas, which may 
become inadvertently introduced into the blood being 

processed through mat 60. The blood oxygenator 10 when 

.- . *' i ■ ' * ■■- Jn r j J.-;'; • v . i ; b :> ;.■ - . < >, ~ . *■ ■ * ■ f - * 

used in configuration shown in Figs, 1 and 2 is 

preferably tilted slightiy frorr vertical during use, as 

shown in Fig. 1 to ensure the bubble vent is' the 

uppermost part of blood annulus 18. 

' r: s -:-.->^.-^ ■ • * .</ ■ 

A core vent port 15 coronunica tes through channel 

17 in blood guide 38 with the upper end of blood core 

annulus 59 to permit venting oT any air, or other pas 

bubbles, which may collect during use of oxygenator 10. 

Blood guide 38 is a pointed cylindrical member "sealed 

into tubesheet 42 and to header 47 by o-ring seal 37 

in the upper snout portion 36, as best seen in Fig. 2. 

Blood oxygenator element/ or mat, 60 is formed, 
in accordance with the method of this invent ion", ' by* 
usirig a tape, generally designated 70, Fig. 8,* of gas 
permeable hollow fibres 62, that is shown in Figs; '4-8 
inclusive. Referring to Figs. 4 and 5, tape 70 consists 
of a plurality of scores, or hundreds, or thousands of 
gas permeable hollow fibres arranged in a "layer of long, 
continuous parallel fibres substantially equally spaced 
from each other and fixed in position 6v 'a solid,' 
flexible, small diameter monofilament cross thread 63 
which is woven" over and under adjacent fibres, Fig. 6, 
at a selected tension to avoid any substantial crushing 
or deforminp of the fibres at the cross over points 65. 

Thread 63 may be any blood compatible material 
that can be formed Into a monofilament that is 
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sufficiently flexible to bend easily over and under the 
small hollow fibres 62 and which possesses sufficient 
tensile strength to maintain fibres 62 in their fixed, 
spaced apart relationship during use. Nylon 

5 monofilaments are preferred and satisfactory alternates 
are polypropylene, impact polystyrene, ABS, or the like. 
Satisfactory hollow fibres 62 include micorporous 
polyolefins, preferably polyethylene hollow fibres, 
such as the fibres described in U.S. Patent A, 020, 230 

10 having a preferred internal diameter of about 200-400 
microns, an outside .. diameter of about 250 to 500 
microns, preferably 300-350 microns, and a spacing 
between the peripheral edges of adjacent fibres of about 
50 to about 300 microns, preferably about 100 microns, 

15 monofilament 63 f is about 10 to 100 denier, preferably 

about 15 denier. Cross thread 63 is woven into tape 70 
as a continuous thread, which .overlaps each of the side 
edge,, solid, nonporous monofilaments 61 , as shown at 
66 in Fig. 5, and preferably range from about 6 to 15 

20 per inch,,, preferably about 12 per inch of length of 

tape 70. (( . . _ 

An open weave tape having a continuously traversing 
monofilament 61 as described is the preferred form of 
tape 70, but satisfactory results are also obtained with 

25 a non-woven tape in which the parallel hollow fibres are 
•-""maintained ,in fixed relationship by a thermoplastic 

monofilament that : forms .an adhesive bond with each fibre 
at the crossover point. Such monofilament can be applied 
as a molten strand whiph rigidifies and adheres to the 

30 hollow fibres.62 at crossover points 65, and sags 

slightly between the fibres, and mjay advantageously have 
sizes approximately similar to those of the above 
described nylon monof %1 amen t s 63. 

Side edge monof ilaments 61 are solid, high tensile 

35 strength filaments having good abrasion resistance that 
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are selected to have an outside diameter .approximately 
equal to the outside diameter of the hollow fibres in 
tape 70. . Monofilaments. 61 successfully withstand the 
transverse stresses, .. impact^, and abrasion wear at turns 
of the shuttle during .weaving . and also serve to relieve 
the longitudinal tensioning. forces that are required to 
maintain, fibres, 62 i<n ;! their spaced apart relationship. 
t -- Nylon is, the preferred, naterial for side edge 
monofilaments^^., and m.ajr s vary, between^ about 200 to about 
500 microns .to correlate with the selected holiow fibres. 
As. an r exajnple., in a -tape. 7,0. having. 160 hollow fibres of 
•mi-c p,o. porous 4>olyethvlene, f each fibre having an outside 
diameter of^. about 300 microns, a solid nylon monofilament 
of 250 -micron .diameter .was usee satisfactorily. 

Tape 70. may satisfactorily contain a wide 'range of 
-numbers of,hollow r fibres that will vary somewhat with 
hollow fibre. size. The" number ' is selected so as to form 
a tape having a width that is complementary to the 
outside .diameter of core 40 to enable satisfactory 
spiral winding . to form annular mat" 60 "by using the 
technique illustrated in Fig. 8. For example, with 325 
, micron., outside^ diameter micropcrous polyethylene -hollow 
fibres having a spacing of 100 microns between fibres, 
..3n easily haadleable tape *70 having a wid'th of about 
2 6 inches was formed by using 160 hollow fibres. By 
.using ..such .., tape., and a core AO having a 1.25 men 
outside .diameter , tape is 'applied to the core, as the core 
rotates, /.by controlling the angle of divergence of the 
tape from the . longitudinal axis of "the core 'such that 
the side edge filaments . 6 1 1 ie in immediate" adjacency 
continuously, as successive widths of tape' 70 cover the 
peripheral surface of core 40 for the entire length of 
- the core, before reversal, of the angle of the tape to 
traverse the length of the core in the opposite direction. 
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It is also satisfactory to : . position two or more tapes 70 
in side by side relationship for simultaneous application 
to the periphery of core 40 for* each axial rotation of 
the core. 

"it "has 'been found' that the optimum annular mat 60 
is one which provides contiguous* individual fibres in 
overlying layers" of fibres that ' intersect at an angle 
in' the Vange 6f Vbou t 45 ) 'to '90'° and preferably close to 
90° and not less than 1 "about 7 3Q°\ : * As* best seen" in' Fig. 
7, gaps 67 are' substantially" square in' shape^for fibres 
62 in contiguous" layers' whrcH' 1 inter'sect" : at n %n { angle of 
substantially 90 D and the gap ^h ape" tietomes 'an 
increasingly flattened 1 paraT^lelogi^a'm 'siiapeP 'ia's the angle 
of crossover decreases "toward' "45 : Fig. '9 i li'iistrates 
the path "of blood" f Idv; r over r "tKe f 'f ibres 62 arid* through 
gaps 67 as it moves radially along 't^he paths 69 from 
core annulus 59 to arterial blood annulus 18. 

Blood oxygenator element 60' may advantageously be 
surrounded with , a layer of blood filtering screening 
material such a nylon screen having pores somewhat 
smaller than the average lateral spacing between hollow 
fibres in the mat layers, for "example, kbbut 20 to 60 

.microns. , . 

As seen in Figs. 10 and il the bloo v d oxygenator 
element. .60. is incorporated "into a unitary assembly 
comprising in vertical array a top 'blood reservoir 

"""generally designated "24,' attached at: \t£ lower end to 
the top of a blood heater, generally designated 26 , and 
having blood oxygenator element 60 secured to the lower 

,end of "heater 26 . As showift'in Fig. v 1 1 , - "'the * : sfiell 12 
has been modified to enable attachment of the upper wall 
portions of shell 12 "to the lower end of housing 27 
of heater 26* Header 4'7 ' has' been removed so as to expose 
the upper surface 44 of tubesheet 42 to the interior core 
portion of heater 26 which becomes a gas chamber 28 that 
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receives oxypcn through inlet 29 ' Which passes downwardly 
through hollow fibres 62 and exits through outlet port 
35. The shape of blood inlet 55 of the oxygenator 
device shown in Fif.. 2 is modified to exit at a location 
on the rear surface of the assembly as shown at 30. 
Blood entering at inlet 30 passes upwardly through 
blood annular chamber 5$, through wails of core AO, 
through element "60 into blood annulus 18 and the 
purified arterial blood passes outwardlv through port 
20 and returns to the patient* 

Bubble vents 13 and 15 as shown in Fig. 2 have 
been modified as to "location by' adding connecting tube 
31 to' vent port '32 i and the" tube 33' to vent port 34, 
respectively. " 

Blood heater 26 and blood reservoir 24 may be of 
conventional construction, or as shown, blood reservoir 
26 may have the shape and construction which is 
described in detail in our separate application which is 
being filed concurrently' herewith and corresponds to 
U.S. Patent Application' Serial No. 350,664. 

Duringuse of the assembly ' 170 , Fig. 10, venous 
blood enters reservoir 24 at ^ inlet 71, passes downwardly 
through blood outlet 72 into heater 26 and blood, 
heated or cooled to the desired tempera ture , exits from 
blood outlet 73 and is delivered to blood inlet 30 by 
suitable means', not shown. 
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CLAIMS 

1. A blood oxygenator (10) having an oxygenator 
element \60) comprising a plurality of hollow gas 
permeable fibres (62) and a hollow blood permeable core 

5 (AO), said fibres (62) overlying the peripheral surface 

of said core (40) in a plurality of contiguous layers 
(70), characterised, in that said fibres (62) in each 
said layer (70) being substantially eouallv radially 
distance from said peripheral surface of said core ( .4.0 ) 

10 and spaced laterally from each adjacent fibre (62) in 

said layer (70) r , said contiguous layers (70) having, the 
exterior surface of each individual fibre (62) .therein 
contacting the exterior .surf ace of each ^adjacent fibre 
(62) in the layer (70) immediately radially outwardly 

15 and radially inwardly thereof , at an angle between ^Jbout 
30° and about "90°. 

2. A device as claimed in claim 1,, characterised . 
by each layer (70) comprising a plurality of open weave 
tapes extending spirally around said core in side-by- 

20 side relationship, each tape (70) comprising a plurality 
of said fibres (62) extending substantially parallel 
and spaced apart, a solid monofilament (61) defining 
each of the said edges of said tape (70), a solid 
flexible filament (63) woven over and under the adjacent 

25 parallel hollow fibres and around the exterior of said 
- solid side edge fibres (61) in a continuous traversing., 
pattern along the length of said tape (70); said 
filament (63) maintaining the spacing between said 
hollow fibres (62) without substantially altering the 

30 circular cross section of said hollow fibres (62) at 
crossover points therewith. 

3. A device as claimed in claim 1 or 2 
characterised in that a tubular shell (12) forms a 
liquid tight annular chamber (18) around said oxygenator 

35 element (60), said fibres (62) terminating in spaced 
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apart tubesh,eets. (42,43) ipinin? said fibres (62), core 
(40) and shell (T2) together, a gas tipht chamber (48, 
530 adjacent to the outer end surfaces 'of each of 'said 
tubesheets (42,43) of said. element (60), port means 
46A) communicating with each said gas chamber (Aft, 53), 
blood inlet mean?. (57.) : extendine through one of 'said 
tubesheets. (A3) and communicating with the core' (AO) 
of said element, and blood" outlet means (20) 
.communicating with said liquid tight annular chamber (18). 

, " A . A jdeyice as claimed iri" claim 3 characterised 
in that bubble vent means (13, 15) communicate with the 
upper .end portions : of "each of ''the blood annular 'chamber 
.around. said element and' ih'e 'interior (59) of said 

core ( AO ) . 

5. A device as claimed in claim" 3 or A 
characterised, by an integral , ' self-supporting unit 
having an upper bipod 'reservoir ( 2A j attached at ■ its 
lower end to the upper end of 'a blood' -heater ( 26 ) , said 
blood heater ]i2(>\ being attached "at its lower end to the 
upper end of said shell (12). 

.6. ..A.device as clained in any preceding claim 
characterised in 'that ' sa id "core " Uo *> is cylindrical, and 
..-each said layer (70) extends the full length of • said 

core. (AO,)^ ... . ... ... . , c - . .. 

: 7,. .An. ( open. weave "tape of hollow gas permeable 
, .fibres ,(62) for use Yn wrapping a 'layered mat' on. a 
"hollow b,lopd. permeable core ^(AO) , characterised in that 
-said tape, comprises ,a layer (fo)" 6f a" plurality of 
lelong-ated, substantially" parallel holW : ga"s permeable 
. spaced apart, fibres J 62) and 'a sblid monofilament (.61) 
defining each "of the side edges of saidlayer (70), a 
solid flexible transverse filament (63) woven over and 
..under said adjacent parallel hoi low^ fibres (62) and 
around the exterior of said' solid side edce filament 
(61) in a continuous traversing pattern along the length 
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of said tape; said transverse filament (63) maintaining 
said spacing between said hollow fibres (62) without 
substantially altering the circular cross section- of 
said hollow fibres (62) at crossover points therewith. 

8. A device. as "claimed" In any preceding claim 
characterised in. that said gas permeable fibres (62) 
have an oxygen pas permeability of at least 2 x 10 cc 

< -'V ' -i •'• ... .■ •" ;'. " , ■ " ■ .-, ...... 

(STP) per cm per second per cm Hg transmembrane pressure 

differencial. ... . 

9. A device as claimed in any , 'p'r'ecVd'i : ng"'fclaim 

.charac/terised in that said" gas pe'rmeabre fibres (62) 
are essentially polyethylene. 

10. A. device f as claimed" in' any of ciaims 1 to 8 
characterised, in that said fibres (62 ) are essentially 

polypropylene.,, ; . ,. „ 

11., A method for making a" mat of hollow gas 
permeable fibres on a hollow blood permeable core which 
is characterised by the steps of 
-1) providing a blood permeable core, 

2) providing a tape of hollow gas permeable fibres, said 
tape comprising a plurality of said fibres arranged in 
substantially parallel ' spaced apart and substantially 
planar relation, 

3) spirally wrapping" said" "tape 1 on said core to - form a 
.-.layer of said fibres overlying the peripheral surface of 

.said core.,,,, the 'width of said 'UpV- and the diameter of" 
said cor.e Veing .selected such that" the -edge-" "sur'face of 
each successive wrap of said tape in saltl layer is 
adjacent, to the edge s'urf ace 6f thV prior wrap so as to 
substantially, maintain said" substantially" parallel 
spaced apart relation between said fibres in each said 
tape., .and covering the peripheral surface of said core 
for the length of said core, 
. A) continuing said wrapping to form overlying layers 
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covering the prior formedxsoid layer by reversing the 
direction of said spiral such that each tape wrap 
positions each said fibre in said overlying layer 
relative to the" ad jacent fibre in the uhderlyinn layer 
at an an&le 4 be tween about , 30° and about 90°, 
5) repeating said spiral wrapping to form a plurality 
of said:;' layers in.s.aid relation to each* other and 
securing the .axialLy j spacVd :apart fi ends of said* T i : bres 
in each layer ^to^^eacb pther arid to said core in tube- 
sheets ■-ha i 9'i:ffgv co-|pLahar ouUr. ^nd^surfaces in which the 
open lumens: .of veach said,: fibre terminate,. 

12. !k nvethod as jclaime^d in claim characterised 
in that said Wrapping. stepr3 includes application of a 
plurality of said t2pes : \fpr? each -rotation of said core. 
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